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ABSTRACT 
Reliable cas ing  packer s e a l  elastomers for t h e  unusually severe  geo- 
thermal environment a t  260°C (500°F) d id  not  e x i s t  i n  1976. L'Garde, 
Inc . ,  was awarded a c o n t r a c t  t o  f u l f i l l  t h i s  need by t h e  United States 
Department of Energy. Successful developnent w a s  completed i n  1979. 
Compounds based on f o u r  d i f f e r e n t  polymer systems were developed, a l l  
of which exceed the c o n t r a c t  requirements. Successful l abo ra to ry  
tests above 300'C (575OF) have been performed w i t h  packer s e a l s .  
F i e ld  tests to temperatures a s  high as 317OC (603°F) have been per- 
formed on s ta t ic  O-rings i n  a cablehead, Successful ,  dynamic, d r i l l  
b i t  seal tests w e r e  run with a presoak temperature of 288°C (550°F). 
The s u c c e s s f u l  compounds are based on t h e  following polymer systems: 
EPDM (Nordela),  FKM ( V i t o n a ) ,  EPDM/FKM (Nordel@/Viton@) blend,  and 
propylene-TFE (AFL\S@) Evaluation was performed on f u l l - s c a l e  packer 
s e a l s  as  w e l l  a s  on O-rings by L 'Garde .  L'Garde ran  comparison tests 
a g a i n s t  commercir l l y  a v a i l a b l e  elastqmers inc luding  Ka I rez@.  C a s e  
histories of other organiza t ions  which have labora tory  and/or downhole 
experience with oce or more of the  developea compounds are presented.  
The a p p l i c a t i o n s  c i t e d  inc lude  blowout preventors ,  dynamic d r i l l  b i t  
seals, packers,, and cableheads. F i n a l l y ,  an effort  t o  a c t i v e l y  t r ans -  
f e r  t h i s  technology t o  t h e  i n d u s t r y  is  descr ibed - 
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INTRODUCTION 
I n  l a t e  1976 L 'Garde ,  Inc.  w a s  awarded a c o n t r a c t  by t h e  United 
States Department of Energy (DOE) , DEAC03-77-ET28309 (formerly EG-77-\cJ 
C-03-1308), t h e  Geo-Elastomeric Materials (GEM) Program [1 ,2]  . By 
t h a t  t i m e  t h e  DOE concluded t h a t  there w a s  a genera l  need f o r  improved 
elastomers for  var ious s e a l  app l i ca t ions  which were required t o  
ope ra t e  i n  t h e  unusually severe geotherma1,environment. Logging 
equipment could not  be run for  fear of lo s ing  seals and damaging the  
instrumentat ion.  Packers could not  be run without  first cool ing t h e  
w e l l .  Rotat ing w e l l  head seals and BOP seals required f requent  
replacement. There w a s  a genera l  need f o r  h igher  temperature, more 
hydrochemically and ex t rvs ion  r e s i s t a n t  elastomers and f o r  t h a t  matter 
t h e  need i s  st i l l  not  sa t isf ied i n  p r a c t i c e  today i n  t h e  geothermal 
f ie ld .  
L ' G a r d e  performed an i n i t i a l  t a s k  t o  i d e n t i f y  what elastomer 
app l i ca t ion  when upgraded t o  geothermal requirements would be of 
g r e a t e s t  b e n e f i t  t o  the geothermal community. The formation packer 
w a s  i d e n t i f i e d  for  t w o  funct ions,  hydraul ic  s t imu la t ion  and i n t e r v a l  
t e s t i n g  i n  support  of reservoir and w e l l  cha rac t e r i za t ion .  However, 
though high temperature geothermal formation packers are needed, 
development of elastomers for this application was judged too 
ambitious a goa l  for t h e  first e f f o r t .  Therefore,  it w a s  recommended 
and approved t o  first develop improved elastomers  for  cas ing  packer 
seal elements. I n  add i t ion ,  rubber development fo r  t h e  cas ing  packer 
element " k i l l s  t w o  birds w i t h  one s tone" ,  as those  elastomers which 
work s u c c e s s f u l l y  fo r  t h e  packer seal  w i l l  m o s t  probably work w e l l  
f o r  s ta t ic  O-ring seals. The O-ring a p p l i c a t i o n  is-less severe 
because both su r faces  are machined, t h e  c learances  are small and t h e  
requi red  deformation of t h e  O-ring is  small  compared t o  a cas ing  
packer seal element, 
I n  1979 a f t e r  t h e  completion of t h e  elastomer compound develop- 
ment, L ' G a r d e  w a s  awarded a c o n t r a c t  t o  a c t i v e l y  t r a n s f e r  t he  
developed technology t o  indus t ry .  
DOE through Brookhaven Nat ional  Laboratory under c o n t r a c t  BNL 490316-S, 
Geothermal Elastomeric Materials Technology Transfer ,  
development €or high temperature geothermal cas ing  packer seals, 
case h i s t o r i e s  of labora tory  and f i e l d  experience by other organi- 
za t ions ,  and a d e s c r i p t i o n  of t h e  p re sen t  technology t r a n s f e r  e f f o r t .  
1 
The t r a n s f e r  is  sponsored by t h e  
This  paper p re sen t s  t he  r e s u l t s  of t h e  elastomer compound 
GEOTHERMAL PACKER ELASTOMER COMPOUND DEVELOPMENT 
The objectives of  t h e  elastomer development c o n t r a c t  w e r e  
success fu l ly  m e t .  Though meeting t h e  fundamental objective, t o  
de-relop a cas ing  packer seal elastomer compound which w i l l  opera te  
i n  a 26OOC ( 5 O O O F )  geothermal environment, w a s  h ighly  chal lenging 
and carried with it a d e f i n i t e  p r o b a b i l i t y  of fa i lure ,  L 'Garde  w a s  
f o r t u n a t e  t o  be a b l e  t o  conclude t h e  program wi th  very p o s i t i v e  
r e s u l t s  , 
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Packer seals which pe rm w e l l  i n  t h e  o i l  f i e l d  up t o  
temperatures of about 15OOC (302OF) run i n t o  r e l i a b i l i t y  problems 
(& a t  higher temperatures e spec ia l ly  when they ge t  as high as 260OC. 
Though t h e  stresses induced i n t o  t h e  elastomeric  element are sub- 
s t a n t i a l l y  t h e  same as a t  t h e  lower temperatures, t h e  loss i n  elastomer 
s t r eng th  a t  26OOC is  s u b s t a n t i a l  and, t yp ica l ly ,  t h e  stress exceeds 
t h e  reduced s t r eng th  and f a i l u r e  occurs. O t h e r  common problems 
include hardening or  reversion sof ten ing  of t h e  elastomer a t  higher  
temperatures with associated f a i lu re .  The geothermal elastomeric 
packer seal problem a t  260°C^ ' i s  s i g n i f i c a n t  and even t h e  less 
demanding-static O-ring seal  is st i l l  a problem. Figure 1 r a t h e r  
l uc id ly  i l l u s t r a t e s  t h e  s t a r t i n g  po in t  of t h e  geothermal packer seal 
development. 
syn the t i c  br ine.  A t  these unusually severe condi t ions,  t h e  seals 
d id  one of t h r e e  th ings ;  extruded severe ly  (B3), could not  withstand 
t h e  pack-off and cracked without s ea l ing  (220-3), o r  extruded and 
broke ca t a s t roph ica l ly  (D3 and E3). For about t h e  first 2/3 of t h e  
con t r ac t ,  it w a s  doubtful  t h a t  elastomer improvements a lone would 
provide reasonable performance a t  t h e  test  condi t ions a t  
t h e  special tests proved invaluable  and enabled e f f i c i e n t  eva lua t ion  
of 129 compounds with quick feedback for  subsequent compounding 
efforts. 96 seal Simulation T e s t s  w e r e  run which provide d a t a  which 
is c lose ly  correlated with opera t iona l  performance with l i t t l e  need 
for uncer ta in  ex t rapola t ion  t o  judge how conpounds w i l l  perform 
opera t iona l ly .  The t e s t i n g  and evaluat ion scheme ' described 
b e l o w  and is  d e t a i l e d  i n  References 1 and 2. 
These post m o r t e m  test specimens w e r e  run a t  26OOC i n  
The 2-phase Screening and Simulation T e s t  evaluat ion scheme w i t h  
Screeninq T e s t s  -- A b a t t e r y  of si,mple tests w e r e  def ined for  
d brush screening of compounds 
specimens c u t  from standard tes t  s 
specimens and specimens aged i n  syn the t i c  geothermal b r ine  a t  260OC 
w e r e  made t o  assess t h e  hydrothemochemical s t a b i l k t y  of t h e  com- 
pounds. The syn the t i c  geothermal br ine  w a s  def ined 'and developed 
specifically for the elastomers development. 
l eve l s  include almost t h e  e n t i r e  population of  known geothermal 
resource areas. 
high levels measured i n  some loca t ions  which correspond 
f r a c t i o n  of t h e  population. The syn the t i c  Brine i s  an aqueous 
so lu t ion  of 300 ppm H2S, 1000 ppm C02 and 25,000 ppm NaC1. 
s t a r t i n g  pH is about 5. To s p e c i f i c a l l y  address t h e  important 
problem, ex t rus ion ,  a s p e c i a l  test w a s  designed and f ab r i ca t ed  which 
measured t h e  ex t rus ion  r e s i s t ance  of a specimen about t he  s i z e  of 
a quar te r .  
A good quan t i t a t ive  demonstration of t h e  compounding accomplish- 
ments is  seen through a comparison of c h a r a c t e r i s t i c s  for e a r l y  
compounds aga ins t  commensurate ones a t  t h e  completion of t h e  program. 
This can be c l e a r l y  seen by examining t h e  data generated under t he  
Screening T e s t s .  The most pe r t inen t  parameters measured are u l t imate  
t e n s i l e  s t r eng th ,  u l t imate  elongation, Shore A hardness,  and ex t rus ion  
res i s tance .  
A l l  screening tests used simple 
bs and comparisons between v i r g i n  
The const i tuency 
This const i tuency s p e c i f i c a l l y  avoids 
The 
The t e n s i l e  and elongat ion w e r e  measured a t  room 
I 
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temperature while  t h e  hardness and ex t rus ion  r e s i s t a n c e  w e r e  
measured a t  26OOC. T a b l e  I i l l u s t r a t e s  t h e  improvements as ind ica t ed  
by t h e  percent  of  each of t h e  four  cr i t ical  c h a r a c t e r i s t i c s  r e t a ined  
after ageing i n  s y n t h e t i c  b r i n e  f o r  22 hours. 
v i r g i n  and chemically aged values.which are represented by t h e  
percentage numbers. 
N o t e  t h a t  t h e r e  is s i g n i f i c a n t  improvement reflected by t h e  
latest  compounds. The 267 EPDM is v i r t u a l l y  unchanged by t h e  22 hour 
ageing i n  t h e  s y n t h e t i c  b r i n e  with respect t o  a l l  four  charac te r iza-  
t i o n  parameters i n d i c a t i n g  phenomenal hydrothermochemical s t a b i l i t y  
i n  t h e  s y n t h e t i c  br ine.  V a s t  improvement w a s  f i n a l l y  accomplished 
with t h e  255 FKM: There is room f o r  improvement on t h e  ex t rus ion  . 
r e s i s t a n c e  e spec ia l ly ,  as i s  r e f l e c t e d  by t h e  packer seal  Simulation 
T e s t s ,  however, t h e  ex t rus ion  r e s i s t a n c e  is  adequate t o  m e e t  t h e  
requirements and t h e  r e s u l t s  are q u i t e  respectable .  The 266 EPDM/FKM 
is very stable with some minor degradat ion of t h e  u l t ima te  elongation. 
The 291 Propylene-TFE shows some minor hydrothermochemical i n s t a b i l i t y  
i n  t h e  u l t i m a t e  e longat ion.  I n  genera l ,  a l l  of t h e  latest formula- 
t i o n s  showed very good s t a b i l i t y  consider ing t h e  unusual s e v e r i t y  - 
of environment. 
ij 
Table I1 lists t h e  
The above d a t a  and tests are a l l  comprehensively repor ted  i n  
Reference 1. 
s -- Those compounds which performed 
w e l l  raduated t o  fu l l - sca l e  packer seal 
tests. 
s u b j e c t s  a f u l l - s c a l e  10.2 cm (4-inch) packer seal t o  simulated 
downhole environments, i n  t h e  laboratory.  I n  t h i s  t e s t  t h e  seal is 
simultaneously s ected t o  t h e  chemistry,  temperature,  mechanical . 
forces, pressure  rces, and limited su r face  exposure of  t h e  seal  
j u s t  as it is  on 
spectrum of i n t e  t i ve  o p e r a t i o n a l  environments, t h e  combination of 
which is important when eva lua t ing  materials being s t r e s s e d  t o  t h e i r  
u l t ima te  cap 
(one w a s  requi red)  s epa ra t e  polymer systems molded i n t o  f u l l - s c a l e  
packer seals success fu l ly  sea l ed  i n  labora tory  packer S I M  T e s t s - i n  
excess of t h e  prescr ibed duty  cyc le  -- temperature of 26OoC, i n  
s y n t h e t i c  geothermal b r ine ,  d i f f e r e n t i a l  p ressure  of 21.4-28.3 MPa 
(3100 t o  4100 p s i ) ,  and f o r  2 4  hours. The four  systems w e r e  based 
on t h e  following polymers: EPDM, FKM, EPDMIFKM Blend, and Propylene- 
TFE. 
ob jec t ives  and show d e f i n i t e  improvement over elastomer compounds 
which are commercially available. 
measurable improvement of t h e  hydrothennochemical s t a b i l i t y  w a s  
achieved i n  t h e  s y n t h e t i c  geothermal br ine.  
A l abora tory  simulator w a s  designed and f ab r i ca t ed  which 
o p e r a t i o n a l  packer. This  provides t h e  f u l l  
Upon conclusion of t h e  development, compounds based on four  
A l l  f ou r  elastomer systems success fu l ly  exceeded t h e  c o n t r a c t  
O v e r  t h e  du ra t ion  of t h e  program, 
F igure  2 shows pos t  m o r t e m  test specimen of one of  t h e  better, 
earlier EPDM compounds, seal 217-11-1. 
f u l l y  a t  26OoC, but d i d  s u f f e r  a s i g n i f i c a n t  level of  extrusion.  
This  element s ea l ed  success- 
I n  
Li2 
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contrast ,  one of t h e  latest  Compounds is  shown, pos t  m o r t e m  seal  
275-1, which i s  an EPDM/F lend. Only a minor amount of permanent 
deformation r e s u l t e d  and x t rus ion;  t h e  seal had an e x c e l l e n t  
appearance when removed from t h e  test. This  element s ea l ed  success- 
f u l l y  under t h e  same condi t ions  as 217-11-1 except  even a higher  
d i f f e r e n t i a l  pressure,  24.8 vs. 21.4 MPa (3600 vs. 3100 p s i ) .  
t i o n  of t h e  accomplishments i s  t h e  O-ring S est d a t a  which 
compares t h e  developed compounds a g a i n s t  a t e d  number of  
commercially available compounds. The packer SIM T e s t  w a s  modified 
for s ta t ic  s imula t ion  t e s t i n g  of  O-rings. The 2-329 O-ring groove 
is  of s tandard  commercial dimensions w i t h  no back-ups. 
c learance  is 0.229 mm (0.009 i n . ) ,  q u i t e  severe for  t h e  tes t  con- 
d i t i o n s .  The O-rings w e r e  t e s t e d  a t  26OOC i n  t h e  s y n t h e t i c  
geothermal b r i n e  s t a r t i n g  a t  28.3 MPa (4100 p s i )  d i f f e r e n t i a l  
pressure.  The test w a s  set for  22  hours and i f  a compound f a i l e d  
before 22 hours, t h e  different ia l  p re s su re  w a s  decreased by 6.9 MPa 
(1000 p s i )  and t h e  test re run  wi th  a new seal. The-reduct ion i n  
d i f f e r e n t i a l  p ressure  progressed t o  14.5 MPa (2100 p s i )  where t h e  
t e s t i n g  stopped i f  t h e  compound f a i l e d .  
Because t h i s  i s  an unusually severe environment, t h e  GEM 
compounds have a d i s t i n c t  advantage i n  t h a t  t hey  w e r e  developed 
s p e c i f i c a l l y  for  t h i s  condi t ion.  F igure  3 summarizes t h e  r e s u l t i n g  
c a p a b i l i t y  measured f o r  each of t h e  compounds. The GEM 255 FKM and 
267 EPDM compounds performed better t h a n  t h e i r  commercial counter- 
parts. The 255 FKM held fo r  t h e  e n t i r e  tes t  per iod a t  21 .4  MPa 
(3100 p s i )  while  t h e  commercial counterpar t s  both broke a t  14.5 MPa 
(2100 psi) .  The GEM 267 EPDM looked e x c e l l e n t  a f t e r  t h e  28.3 MPa 
(4100 psi)  run and is  capable of h igher  d i f f e r e n t i a l  p re s su res  whi le  
i ts  coun te rpa r t s  showed i n c i p i e n t  f a i l u r e .  There w e r e  no commer- 
c i a l l y  comparable counterpar t s  for t h e  EPDM/FKM Blend or t h e  
Propylene-TFE, both r an  t h e  f u l l  22 hours a t  t h e  f u l l  d i f f e r e n t i a l  
pressure.  The Blend looked as good as t h e  267 EPDM and, hence, i s  
also capable  of higher d i f f e r e n t i a l  p ressures  and the Propylene-TFE 
su f fe red  minor ex t rus ion .  There w a s  no counterpar t  t o  t h e  DuPont 
Perf luoroelastomer (KalrezR),  however, it i s  o f  keen i n t e r e s t  because 
it is  one of t h e  more chemically s t a b l e  polymers. 
sive but  i t s  expense i s  j u s t i f i a b l e  i n  some , s i tua t ions  because of 
t h e  longer  l i f e  it renders.  For t h e  s y n t h e t i c  geothermal b r i n e  
environment t h e  3074 Perf luoroelastomer d i d  not  f a r e  as w e l l  as t h e  
fou r  developed compounds i n  t h e  O-ring test ,  and earlier coupon 
ageing tests w e r e  made on 3073 Perf luoroelastomer which i n d i c a t e  
t h a t  it is  no t  as hydrothermochemically s t a b l e  as t h e  developed 
compounds. 
may r e s u l t  i n  si l a r  improvements as w a s  i n  accomplished. 
,more i n t e r e s t i n g  
seals; 267 EPDM, E-692-75 EPDM, 266 EPDM/FKM Blend, and t h e  Per- 
f luoroelastomer 3074. 
28.3 MPa (4100 p s i )  d i f f e r e n t i a l  p ressure  except  t h e  Perfluoro- 
elastomer 3074 which ran  a t  14.5 MPa (2100 p s i )  d i f f e r e n t i a l  pressure.  
0-Rinq Simulation T e s t s  -- Anoth good q u a n t i t a t i v e  demonstra- 
The measured 
It i s  very expen- 
S p e c i f i c  compounding for  t h e  geothermal b r i n e  environment 
Figure 4 i s  a compos t e  photograph o 
A l l  Seals r an  Successfu l ly  for 22 hours a t  
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N o t e  ' that the  267 EPDM and 'the 266 EPDM/FKM Blend look excel lent ,  
although some permanent squaring of t h e  O-rings did occur. Both 
the  E-692-75 EPDM and the Perfluoroelastomer 3074 are seen t o  have 
suffered damage. L, 
CASE HISTORIES OF OTHER ORGANIZATIONS 
Since the  completion of t h e  elastomer compound development there 
have been opportuni t ies  for  other organizat ions t o  expose the favored 
compounds t o  various environments. T e s t  slabs, O-rings, and packer 
seals w e r e  molded by L'Garde and provided t o  the  other organizations 
for independent tes t ing .  
Sandia [3 J invest igated promising elastomers for the cable blowout 
preventor (BOP) appl icat ion.  They tested t e n s i l e  specimens i n  the 
vapor phase of steam a t  26OOC (500OF) for  100 hours plus  a substan- 
t i a l  heat-up and cool-down time of about 1 4  hours. 
test they exposed 7 compounds, 4 of which were provided by L'Garde. 
The compounds tested are shown i n  Table I11 which i s  excerpted 
f r o m  Reference 3. 
4 ou t  of 7 tested. The E60C FKM and the  914-80 both became so 
bri t t le  they could not  be measured without t h e i r  breaking. 
other nonL'Garde compound which survived w a s  the  GH FKM which 
experienced a 72% loss of t e n s i l e  s t rength.  The L'Garde compounds 
ranged from 9 t o  40% loss of t e n s i l e  s t rength.  
is a DOE contractor  and has developed a dynamic dr i l l -bi t  seal 
tester. 
t r i cone  b i t .  
r o t a t i o n a l  motion. T e s t s  are typ ica l ly  run a t  90 RPM w i t h  rock 
cut t ings ,  sand, and water on one side of t h e  seal, and grease on 
the other .  
Sandia National Labbratories, Laboratory BOP Simulation -- 
On t h e i r  summary 
The 4 compounds provided by L'Garde .were the best 
The only 
TerraTek, Laboratory D r i l l  B i t  Seal Simulation -- TerraTek [ 4 ]  
It tests a ro t a t ing  seal simulating the journal  seal of a 
On each revolut ion a jog i s  superimposed on the  
O-ring seals made f r o m  the L 'Garde  s ta t ic  packer seal compounds 
There were provided t o  TerraTek for dynamic d r i l l  b i t  seal  t e s t ing .  
w a s  concern about t e s t i n g  the s ta t ic  packer seal compounds i n  t h i s  
environment because there w a s  no requirement o r  a t t en t ion  paid t o  
dynamic seal  propert ies  when they were compounded. 
there w a s  concern about t h e  exposure t o  hydrocarbon grease, another 
environmental consideration outs ide the  realm of t h e  geothermal 
packer seal development. 
Because of the concern about t h e  exposure t o  hydrocarbon grease 
it was first recommended t h a t  TerraTek test  the  266 EPDM/FKM Blend 
as EPDM's are general ly  vulnerable t o  hydrocarbon, hence, t e s t i n g  
blend compounds seemed prudent t o  gain t h e  o i l  res i s tance  of the 
FKM. 
of successful  seal ing w a s  very good performance. To t h e  pleasant  
su rp r i se  of everyone concerned t h e  s t a t i c  packer seal  Blend compound 
sealed for 47 hours. 
Furthermore, 
The 266 Blend compound was tested a t  a t h e  when 40 t o  50 hours 
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Additional tests weire then made with the  267 EPDM compound. A 
presoak temperature of 288OC (550OF) was agreed to ,  t h i s  w a s  t h e  
first t i m e  t h a t  t h e  test w a s  run a t  t h i s  high a temperature. 
l y  t h e  grease and temperatur did not adversely affect t h e  267 EPDM 
seal as it w a s  successful ly  sea l ing  after 104  hours when the  tes t  w a s  
stopped. The pqst test seal w a s  described by TerraTek personnel as 
looking surpr i s ing ly  unaffected by t h e  environment. It  did,  however, 
Apparent- 
wear s ign i f i can t ly  on , the  debr i s  s i d e  of t h e  seal. 
ngineerinq Corp., Packe Laboratory and Downhole T e s t s  -- 
Compound 267 EPDM packer seals were molded by L 'Garde  for tests by 
O t i s  Engineering Corp. 151. 
were provided and t e s t ed  by O t i s  a t  302OC (575OF) and 20.7 MPa 
(3000 p s i )  d i f f e r e n t i a l  pressure i n  t h e i r  laboratory packer s imulat ion 
tester. 
w a s  stopped. 
signs of revers ion sof tening or sciss ion.  
tested an EPDM from another firm a t  a l o w e r  temperature, 288OC 
(550"F), and t h e  seal failed because it lost  s t rength  due t o  rever- 
sion. The post  m o r t e m  seal did not have any form and looked l i k e  a 
lump of tar .  
element on a new R&D packer and ran it i n  a heavy o i l  f i e ld  i n  
Bakersfield. 
steam in jec t ion .  The steam is about 246OC (475OF) a t  t he  boiler and 
204OC (400OF) a t  the w e l l  head. 
acker w a s  pul led a f t e r  5 months of successful  sea l ing  t o  
perform w e l l  maintenance. Tracer tests confirmed t h a t  t h e  packer 
w a s  still sea l ing  p r i o r  t o  removal. The packer w a s  pulled with no 
problems whatsoever, where usual ly  d i f f i c u l t y  is encountered w i t h  
t h e  seal jamming and either being ro l l ed  or ripped off t h e  packer. 
Molded seals f o r  7-inch, 26 l b / f t  casing 
The elements sealed successful ly  f o r  f i v e  days when t h e  test  
The seal w a s  s t i l l  elastomeric and d id  not show any 
Prior t o  t h i s  test O t i s  
* Subsequent t o  t h e  laboratory tests, O t i s  i n s t a l l e d  a 267 EPDM 
The w e l l  has 7-inch casing and is  used f o r  continuous 
The appearance of t h e  recovered seal w a s  exce l len t  with vir-  
tually no permanent deformation whatsoever. It looked l i k e  a new 
seal and obviously could have remained i n  o r a t i o n  indef in i te ly .  
There w a s  no apparent degradation from t h e  crude o i l  which covered 
t h e  packer when it w a s  removed. Figure 5 i s  a photograph of t h e  
packer seal element a f t e r  removal from the  Bakersfield w e l l .  ' 
Cablehead T e s t s  -- LASL 161 is t h e  prime contractor  on a major DOE 
geothermal demonstration, t h e  Hot.Dry Rock Project. 
f e a s i b i l i t y  of  t h e  concept a t  2 O O O C  (392OF) and are cur ren t ly  going 
t o  demonstrate t h e  concept w i t h  deeper w e l l s  and higher temperatures, 
275OC (525OF) minimum. Because of the  higher temperatures LASL is  
concerned about elastomeric pa r t s  i n  various w e l l  and logging too ls .  
They awarded L'Garde a contract  t o  support them with the developed 
high-temperature elastomer expertise. 
267 EPDM compound fo r  t h e  LASL cablehead. 
i n  an autoclave with Mobil One o i l  ins ide  the  cablehead and w a t e r  
' Los A l a m o s  S c i e n t i f i c  Laboratory (LASL), Laboratory and Downhole 
They have shown 
L'Garde fabricated O-rings and a cable  bend protector  f r o m  t he  
LASL t e s t e d  t h e  cablehead 
W 
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outs ide  of it. 
8 hours and off  f o r  16, this simulates  t r i pp ing  i n  and o u t  of the 
hole. 
fluoroelastomer O-rings which l i t e r a l l y  disentegrated after one 
cycle. They ran the  -267 EPDM for 4 cycles  o r  4 days and stopped the  
tests t o  examine t h e  seals. The temperature w a s  275OC (525OF) minimum 
w i t h  an excursion t o  34OOC (644OF) dur.ing one of the  24 hour cycles. 
The pressure w a s  51.7 MPa (7500 p s i ) .  The seals looked good and w e r e  
sea l ing  after 4 cycles,  although there w a s  s o m e  swelling from the 
high-temperature o i l  and some permanent deformation as would be 
expected for  these conditions. They hope t o  go t e n  cycles opera- 
t i o n a l l y  before they must change out  the O-rings. 
t h e  267 EPDM parts on a temperature probe i n  t h e  new h o t t e r  w e l l .  
They measured a near bottomhole temperature of 317OC (603OF) w i t h  
t h e  probe. A f t e r  t h i s  run the  O-rings and bend protector  w e r e  
examined and reported t o  be i n  exce l len t  condition for the  imposed 
environment . 
These tests are landmark tests because t h i s  is  the first t h e  
They ran 24 hour cycles w i t h  the  temperature on for 
The best prior performance they achieved w a s  w i t h  commercial b 
Subsequent t o  the  autoclave tests LASL ran the  cablehead w i t h  
t h e  267 EPDM w a s  tested to the  51.7 MPa (7500  psi)  d i f f e r e n t i a l  
pressure range, t h e  first t i m e  the 267 EPDM w a s  tested i n  100% o i l ,  
t h e  first t i m e  t h e  267 EPDM w a s  tested i n  o i l  a t  extreme temperatures 
(excursions t o  34OOC (644OF)), and the  first t i m e  the 267 EPDM w a s  
subjected t o  a cycling environment, The above r e s u l t s  are even 
fur ther  underlined when considering the  fact  t h a t  EPDM's are general- 
l y  not used i n  o i l  environments because they are extremely vulnerable 
t o  degradation and swelling. These tests a t  t he  extremely high 
temperatures provide subs tan t ia t ing  evidence t h a t  t h e  GEM 267 EPDM 
is  less vulnerable t o  o i l  than other EPDM's. 
TECHNOLOGY TRANSFER 
Toward the  f i n a l  stages of t h e  geothermal compound development, 
it w a s  becoming evident that t h e  technology developed represented 
s ign i f i can t  progress i n  high-temperature elastomer capabi l i ty .  
standard procedure is t o  conclude an effort such as this w i t h  publi- 
ca t ion  and d i s t r i b u t i o n  of a f i n a l  report .  
. the  DOE f e l t  it worthwhile t o  expend addi t ional  effor t  t o  t r a n s f e r  
t h e  technology t o  industry t o  fu r the r  assure  t h a t  benef i t  t o  the 
industry w i l l  be m o r e  general ly  widespread. 
companies i n  t he  w e l l  tool  industry.  
placed i n  the Geothermal Enerqy Maqazine and the Petroleum Engineer 
In te rna t iona l ,  and there w a s  a mailing list of over 300. 
t i o n s  w e r e  received and three companies w e r e  selected for technology 
t r a n s f e r  and three addi t iona l  companies w e r e  placed on a back-up 
list should funds be avai lable .  The companies are as follows: 
The 
However ,  i n  t h i s  instance 
Applications for technology t r a n s f e r  w e r e  solicited f r o m  
There w e r e  advertisements 
Applica- 
